Background {#Sec1}
==========

Fractures, one kind of common disease in Surgery Departments, possesses high incidence in population especially among old people (Broadbent et al. [@CR5]; Feder et al. [@CR7]; Baron et al. [@CR2]). An accurate test of coagulation status is of great value for fracture patients. Regular parameters, including APTT, PT INR, Fibrinogen (FIB) and D-dimer, could reflect the coagulation status of fracture patients, which are prerequisites before surgical operation as well. Prothrombin time (PT) and activated partial thromboplastin time (APTT) are used for analysis of extrinsic and endogenous coagulation pathways (Suchman and Griner [@CR15]). Fibrinogen is a glycoprotein in vertebrates, which could be converted by thrombin into fibrin during blood clot formation (Bini et al. [@CR4]). D-dimer, degradation product of fibrinogen and cross-linked fibrin, could trigger signals for activating hemostasis and fibrinolysis in the blood (Wada et al. [@CR18]). D-dimer levels had been reported to be elevated in patients with cancer, surgery, sepsis, and critical illness (Lippi et al. [@CR11]; Komurcuoglu et al. [@CR10]; Tas et al. [@CR16], [@CR17]; Batschauer et al. [@CR3]; Yamamoto et al. [@CR19]).

Several studies had reported the raise of D-dimer level for fractures (Okamura et al. [@CR12]; Bakhshi et al. [@CR1]; Huang et al. [@CR9]; Owings et al.[@CR13]; Dindo et al. [@CR6]; Hak [@CR8]; Zhang et al. [@CR20]). However, there are few researches systematically concerning about the change of coagulation parameters. Besides, the change of D-dimer in fractures of different locations is little known. We conducted retrospective study to elucidate the variation of coagulation parameters for fractures. D-dimer levels of different sites of fractures were analyzed in this study as well. Our work will clarify the change of coagulation status of preoperative fracture patients.

Results {#Sec2}
=======

Comparison of the coagulation parameters between fracture group and the control group {#Sec3}
-------------------------------------------------------------------------------------

113 fracture patients with no complications were enrolled, 48 males and 65 females, with mean age of 58.00 ± 18.27. Platelet (PLT), PT INR, APTT, fibrinogen (FIB) and D-dimer of the patients were measured within 1 h after fracture happened before surgery. PT INR level was 1.043 ± 0.119, APTT was 31.91 ± 7.56 s, FIB was 320.6 ± 71.8 mg/dl and D-dimer was 1283 ± 1582 ng/ml. Results of the patients are listed in Table [1](#Tab1){ref-type="table"}. Compared with control, we found that PT INR was higher and APTT was lower in the fracture group, the difference is significant. However, the mean values were close to each other. FIB and D-dimer levels were higher for the fracture group and the difference is significant as well (Fig. [1](#Fig1){ref-type="fig"}). According to reference interval of Chinese people, we divided all the individuals into normal (within the reference interval) and abnormal ones (higher or lower than the reference interval). Fisher's test was used to compare the constitution of fracture group and the control group. We found that PT INR show no significant difference (P \> 0.05), but APTT, FIB and D-dimer show P values less than 0.05, suggesting the change of these parameters for fracture patients.Table 1Comparison of parameters between the fracture group and the control groupFracture (n = 113)Control (n = 113)PMale/female48/6555/580.423Age (years)58.00 ± 18.2760.54 ± 20.890.2078INR1.043 ± 0.1190.9976 ± 0.06020.0002 \<1.21081130.0579 \>1.250APTT (s)31.91 ± 7.5633.22 ± 2.550.0001 \<25.4500.0092 25.4--38.4104113 \>38.440FIB (mg/dl)320.6 ± 76.8277.3 ± 44.70.0001 \<200971130.0001 \>400160D-dimer (ng/ml)1283 ± 158297.53 ± 63.900.0001 \<250191110.0001 \>250942PLT (×10^9^/L)204.7 ± 63.75217.6 ± 61.850.1227 \<125760.8624 125--350103105 \>35032Fig. 1Fibrinogen (FIB) and D-dimer levels in plasma of the fracture patient group and the control group. Data are present as mean ± SD. \*\*\*P \< 0.001

Comparison of D-dimer levels according to different sites of fracture {#Sec4}
---------------------------------------------------------------------

Fracture cases analyzed here included fractures of different locations. Then we analyzed D-dimer levels and compared each site of fracture with the control. According to Table [2](#Tab2){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}, D-dimer levels of Femora, Humerus, Ulna/Radius, Vertebra, Tibia/Fibula, Clavicle and Ankle fractures were compared with the control. Mann--Whitney test and ANOVA with Dunn's Multiple Comparison Test were performed. For Mann--Whitney test, we found that all sites of fractures show significant higher D-dimer levels than the control group. Meanwhile, for ANOVA with Dunn's Multiple Comparison we found only the comparison of Clavicle fracture with the control showed no significant difference (P \> 0.05) and all others were significant.Table 2D-dimer level comparison of different sites of fractures with the control groupNo. of valuesMedian (ng/ml)Mean (ng/ml)Std. deviation (ng/ml)Std. error (ng/ml)t test (compared with control)ANOVA (compared with control)Femora43223224481961299\*\*\*\*\*\*Humerus21525792.4691.2150.8\*\*\*\*\*\*Ulna/Radius14316619.4843.7225.5\*\*\*\*\*Vertebra10314647.7787.1248.9\*\*\*\*\*Tibia/Fibula8407496.3268.895.02\*\*\*\*\*Clavicle7234260.9170.964.6\*\*NSAnkle10432.5451.4286.690.62\*\*\*\*ctr1138097.5363.96.011N/AN/A\* P \< 0.05; \*\* P \< 0.01; \*\*\* P \< 0.001; *NS* not significant; *N/A* not applicableFig. 2D-dimer levels of fractures at different locations. Data are present as Mean ± SD

D-dimer level is higher in Femora fracture patients than other fractures {#Sec5}
------------------------------------------------------------------------

We could see variation of D-dimer levels according to different locations of fractures in Fig. [2](#Fig2){ref-type="fig"}. Fractures of different sites showed quite different levels of D-dimer. We then compared different sites of fractures with each other by ANOVA with Dunn's Multiple Comparison Test and the results are listed in Table [3](#Tab3){ref-type="table"}. In short, Femora fracture show higher D-dimer levels than that of other locations, and there was no significant difference between other sites of fractures. This cued that Femora fracture produced more D-dimer and the distinguishing expression of D-dimer is interesting, which need to be paid attention to.Table 3Comparison of D-dimer levels between different fracture of different siteFemoraHumerusUlna/RadiusVertebraTibia/FibulaClavicleAnkleFemoraN/A\*\*\*\*\*\*\*\*\*\*\*\*\*Humerus\*\*N/ANSNSNSNSNSUlna/Radius\*\*\*NSN/ANSNSNSNSVertebra\*\*NSNSN/ANSNSNSTibia/Fibula\*NSNSNSN/ANSNSClavicle\*\*\*NSNSNSNSN/ANSAnkle\*\*NSNSNSNSNSN/A\* P \< 0.05; \*\* P \< 0.01; \*\*\* P \< 0.001; *NS* not significant; *N/A* not applicable

Correlation analysis between each coagulation parameter {#Sec6}
-------------------------------------------------------

To elucidate if the change of each parameter is independent, we analyzed the correlation between each coagulation parameter. Spearman test was used for correlation analysis. Correlation coefficient (r) and P values are shown in Table [4](#Tab4){ref-type="table"}. We found that there was a significant correlation between PT and APTT. The correlation between FIB and D-dimer was significant as well. The correlation coefficients (r), however, were just 0.252 and 0.24, which means that the correlations are weak between the parameters.Table 4Correlation analysis between each coagulation parameterParametersCorrelation coefficient (r)P valueINR---APTT0.2520.0072\*\*INR---FIB0.0420.6578NSINR---D-dimer0.1630.0852NSAPTT---FIB−0.1050.2695NSAPTT---D-dimer−0.1550.1021NSFIB---D-dimer0.240.0105\*\* P \< 0.05; \*\* P \< 0.01; *NS* not significant

Discussion {#Sec7}
==========

This study investigated change of coagulation parameters in preoperative fractures patients, including APTT, PT INR, fibrinogen and D-dimer. As the degradation product of fibrinogen and cross-linked fibrin, D-dimer has been increasingly used particularly in diagnosis of coagulation function disorder diseases (Wada et al. [@CR18]). Several studies demonstrated higher D-dimer values were always observed in patients with cancer, surgery, sepsis, and critical patients (Lippi et al. [@CR11]; Komurcuoglu et al. [@CR10]; Tas et al. [@CR16], [@CR17]; Batschauer et al. [@CR3]; Yamamoto et al. [@CR19]). Accordingly, here we analyzed the role D-dimer plays in fractures, and the changes of the parameters before surgery are worth being carefully considered.

Most articles concerning the relationship between D-dimer and traumas are about the prevention of thrombosis after operation (Okamura et al. [@CR12]; Bakhshi et al. [@CR1]; Huang et al. [@CR9]; Owings et al. [@CR13]; Dindo et al. [@CR6]; Hak [@CR8]). However, there are few literatures systematically discussing coagulation parameter changes in fractures of different locations. Okamura et al. reported that plasma levels of D-dimer and FDP in hip fracture patients were high in perioperative period (Okamura et al. [@CR12]). Bakhshi et al. demonstrated that D-dimer level was high in postoperative lower limb fracture and D-dimer assay was a useful and sensitive test for detecting posttraumatic DVT (Bakhshi et al. [@CR1]). Huang et al. reported that FIB and D-dimer became higher in the hip fracture in elderly patients, before and after surgery (Huang et al. [@CR9]). According to our results, D-dimer levels of different sites of fractures are different, higher in Femora fracture. The mean values of Clavicle and Ankle are much lower. We wonder if fracture located at small skeletons could trigger lower level of D-dimer than big skeletons, and the severity of the trauma may have something to do with the level of D-dimer in plasma as well.

D-dimer is of clinical value when there is a suspicion of deep venous thrombosis, pulmonary embolism or disseminated intravascular coagulation (Stein et al. [@CR14]). Though patients with these complications had been excluded in our research, D-dimer levels were still significantly higher than control. This suggested that pretreated fracture patients were faced with the increased risk of thrombosis. The fracture may lead to microthrombosis which is difficult to be checked as well. The increase of D-dimer in plasma of fracture patients should be paid attention to and related preventive action for thrombosis need to be done. Besides, the risk of bleeding will also rise after thrombosis due to the exhaust of coagulation factors.

Findings of the study present showed the change of FIB and D-dimer, both of them increased in fracture patients. As for APTT and PT INR, we found they underwent a significant change, decreased PT INR and extended APTT, but the mean values were close to the control. We assume that PT and APTT could be affected by fractures, but the changes are limited. From the correlation analysis, we found that the change of the parameters was to some extent independent since the correlation coefficients were small.

Conclusions {#Sec8}
===========

To conclude, coagulation parameters in fractures have been changed. Fibrinogen and D-dimer levels in plasma are elevated, which is of value and could be used for evaluating the coagulation status of preoperative patients. D-dimer levels are diverse according to the location of fracture, higher in Femora fracture, which is of reference meaning in clinical use. Results from our research could help to clarify the change of coagulation status of fracture patients.

Methods {#Sec9}
=======

Patients {#Sec10}
--------

A retrospective study was designed using data obtained from medical records between September 2013 and September 2014 in Clinical Lab of the Hospital with approval from institutional ethical review board of the Hospital. One hundred and thirteen preoperative fracture patients without complications were included in the study, which had been confirmed to be fractures by imaging examination afterwards. One hundred and thirteen healthy adults of matched age and gender were selected in the control group, who were applied to check-up clinic. All members had no active complaint, chronic disease, deep vein thrombosis or other abnormal physical examination. Type of fracture, platelet, PT INR, APTT, FIB and D-dimer levels were recorded.

Blood sampling and measurement {#Sec11}
------------------------------

We collected peripheral venous blood of the patients within 1 h after fracture, using the Vacutainer tubes (Becton--Dickinson) containing 1/10 volume of 0.129 M sodium citrate. Samples were centrifuged at 2200 g for10 min to get the serum of the patients. PT INR (Determined by PT and ISI), APTT, FIB and D-dimer levels were determined on ACL-TOP multiparameter hemostasis analyzer (Instrumentation Laboratory company, Bedford, MA) according to the manufacturer's instructions. D-dimer HS (Instrumentation Laboratory company, Bedford, MA) is an automated latex enhanced immunoassay, which was used for the quantitative determination of D-dimer in human citrated plasma on the ACLTOP. Platelet (PLT) levels were measured by SYSMEX XE-2100 hematology analyzer.

Statistics {#Sec12}
----------

GraphPad Prime 5.5 was used for calculation of all these significance tests. Mann--Whitney test and ANOVA with Dunn's Multiple Comparison Test were performed to compare the difference of each coagulation parameter. Fisher's test was used for comparing categorical variables. Spearman test was used for correlation analysis. A P value less than 0.05 was considered statistically significant,\*P \< 0.05; \*\*P \< 0.01; \*\*\*P \< 0.001; ns, not significant; N/A, not applicable.

APTT

:   activated partial thromboplastin time

DVT

:   deep vein thrombosis

FDP

:   fibrin degradation product

FIB

:   fibrinogen

INR

:   international normalized ratio

PLT

:   platelet

PT

:   prothrombin time
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